General Assay Design.
In this study, we followed many of the protocols that we outlined previously 2 , but made a few improvements. Following the initial screening (see below), we adopted a linker tethering the peptides to resin from a PEG-based linker to a linker constructed from three aminohexanoic acid monomers ( Supplementary Fig. S1 ). We constructed the linker to the resin such that instead of using a mixture of methionine and alanine at the position adjacent to the resin, we used only methionine. Second, for peptide sequencing, we opted to use LC/MS/MS experiments to circumvent the more time-intensive degradation protocol.
Supplementary Figure S1 . Schematic of peptide screening.
Initial Screening.
On-bead peptides used for initial screening were derived from a few libraries from both parallel synthesis (peptides with known sequences) and split-and-pool synthesis (peptides with unknown sequences requiring identification post-screening). The general design of the initial split-and-pool libraries screened was described previously. 2 Specifically, we used unbiased libraries with both three This work:
and five variable positions adjacent to the N-terminal aspartic acid; however, peptides from these libraries were identified post-screening using protocols outlined below (i.e., LC/MS/MS: vida infra).
Several peptides were also screened from a library of 30 peptides that were synthesized directly on 500-560 µm polystyrene A NH 2 resin (0.85 mmol/g loading; Rapp Polymere) using an automated peptide synthesizer. Couplings were performed in DMF using HBTU (5 equiv.), Fmoc-protected amino acid monomers (5 equiv.), and i-Pr 2 EtN (6-10 equiv.) for 3 h. Deprotections were performed for 20 min using 20% piperidine in DMF (v/v). The peptide synthesizer was used to couple the first four residues to resin. The N-terminal Boc-Asp(OFm)-OH residue was coupled to each set of beads manually, first with two 20 min deprotection cycles as before and then with two couplings with amino acid monomer (4 equiv.), HBTU (4 equiv.), HOBt•H 2 O (4 equiv.), and i-Pr 2 EtN (8 equiv.) in DMF for about 3 h per coupling cycle. The aspartyl side chain was subjected to deprotection conditions with four 10 min treatments with 20% piperidine in DMF (v/v), followed by exhaustive washing with DCM and MeOH.
The resin was dried under a stream of N 2 . Data from the screen of the 30-member library using the screening protocol below are shown in Supplementary Fig. S2 .
Supplementary Figure S2 . Data from screen of parallel synthesis library. Each point represents a different resin-bound peptide and is normalized to the 6,7-selectivity. For example, in this study peptide 6 affords selectivity of 1.0:1.0:3.5 (5:4:3), but is plotted as (1.0, 3.5) . Three of the 30 beads from this 
30-member library selectivity toward farnesol
2,3-selectivity 10,11-selectivity small library did not produce sufficient product to be analyzed appropriately and are omitted from this figure.
Synthesis and Screening of Peptides from Split-and-Pool Libraries.
Peptide coupling procedure for libraries. Polystyrene macrobeads (Polystyrene A NH 2 , 500-560 µm, 0.85 mmol/g loading, Rapp Polymere, Batch No. 122.816) were swelled in DMF for 20 minutes and then coupled twice for about 3 hours each to an amino acid coupling partner using Fmoc-protected amino acid monomers (4 equiv.), HBTU (equiv.), HOBt•H 2 O (4 equiv.), and i-Pr 2 EtN (8 equiv.). After coupling, the resin was washed several times with DMF and DCM. Deprotections commenced with two 20-minute treatments of 20% piperidine in DMF, and were followed by exhaustive washing with DMF and DCM.
All beads were first coupled to Fmoc-Met-OH (PerSeptive Biosystems). Next, the resin was coupled to three Fmoc-Ahx-OH (6-aminohexanoic acid, NovaBiochem). The beads were then split into the appropriate number of tubes for coupling according to the library design. After a round of double couplings, all of the beads were then combined and deprotected together in one reaction vessel. After washing exhaustively, the beads were then split again into the number of separate reaction vessels corresponding to library design and the split-and-pool process was performed additional times as indicated. The final coupling was performed with Boc-Asp(OFm)-OH (AAPPTEC). The Asp-side chain was deprotected by treatment with 20% piperidine/DMF four times for 10 minutes each. Finally, beads were washed exhaustively with DMF, DCM, and MeOH; then dried under N 2 .
Synthesis of directed libraries. Libraries biased towards a parent sequence were generally split such that half of the linker-functionalized resin was coupled to the amino acid monomer present in the parent 
Supplementary Figure S4.
Residues used in second library biased toward 2,3-selective peptide (7).
Supplementary Figure S5 . Residues used in library toward 6,7-selective peptide (11). Figure S6 . Residues used in library biased toward 6,7-selective peptide (12a).
Peptide Sequencing Protocol.
Post-reaction, individual beads were removed from the reaction medium and placed in a fritted tube.
Each bead was generally washed with H 2 O (3x) and then MeOH (3x), which was repeated twice, and then removed to a clean 200 µL PCR tube to dry. Beads were treated with a few drops of 20 mg/mL CNBr in 70% TFA (aq.) overnight in the dark for at least 12 h. After drying the beads under vacuum, the resulting white solid was dissolved in 10 µL of a 33% H 2 O in MeCN solution. 8 µL of the peptide solution was diluted in 92-100 µL of 33% H 2 O in MeCN and analyzed by LC/MS/MS.
Prior to screening, a few beads from most libraries were sequenced to validate the library composition (sample validation is shown in Supplementary Fig. S7 ). On-bead peptide resynthesis. Polystyrene A NH 2 macrobeads (500-560 µm) were functionalized with Fmoc-protected amino acid monomers using peptide coupling protocols described above for synthesis of split-and-pool libraries with one exception: peptides (except 2a) were synthesized with two 2 h couplings of monomers; however, the terminal aspartic acid residue was coupled with two 3 h couplings. Evaluation of solution phase catalysts. Peptides found in the second generation of 6,7-directed catalysts ( Supplementary Fig. S6 ) were not resynthesized on-bead. Instead they were direcly validated in solution-phase studies. Results from some of these peptides are shown in Supplementary Table S1 .
Data from of these peptides (entries 1-9) were not substantially better than those found for 12b. Given that an i+5 Gly appears in two of the peptides found from this library (entries 6 and 9), we investigated peptides 12c and 12d.
Supplementary Table S1 . Comparison of resynthesized hit peptides found from screening of second 6,7-selective directed library ( Supplementary Fig. S6 ) and catalyst 12d. 
SI - The off-white solid was dissolved in 10 to 20 mL of Et 2 HN/DCM (1:1 v/v) and allowed to stand, swirling occasionally. After about 30 min, the reaction was diluted with DCM, concentrated, and then diluted/concentrated a couple more times. The crude solid was loaded onto a silica gel column (~90 mL silica) packed in DCM with 1% MeOH and 1% AcOH. Peptide 9b was purified by flash column chromatography eluting with a gradient of 1% MeOH to 5% MeOH in 1% AcOH/DCM. Fractions were collected and concentrated. To remove residual AcOH, the material was diluted with toluene and then concentrated a couple of times. Concentration in vacuo furnished an off-white solid in a total of 905 mg (0.695 mmol) from the two batches, 32% overall yield. 173.4, 172.4, 171.9, 171.3, 170.3, 168.5, 168.4, 155.0, 144.8, 144.6, 135.6, 129.4, 128.8, 128.8, 128.7, 127.9, 127.9, 127.7, 127.5, 127.0, 126.7, 80.4, 70.8, 70.5, 62.0, 60.9, 54.8, 52.3, 50.3, 49.9, 49.2, 47.8, 46.8, 38.7, 38.1, 37.3, 36.5, 29.5, 29.0, 28.3, 25.0, 23.8 9, 172.7, 171.6, 170.6, 170.4, 170.2, 170.0, 169.8, 155.6, 154.4, 144.2, 137.8, 130.6, 130.4, 128.7, 128.5, 128.0, 128.0, 127.9, 127.1, 124.3, 80.5, 78.3, 77.4 temperature. Saturated aqueous NaHCO 3 and hexane or EtOAc were added, the mixture was vortexed, allowed to settle, and then the organic layer was removed, followed by two to three additional hexane or EtOAc extracts, peformed similarly. If site-selectivity was to be determined, an aliquot of the combined organics was removed, diluted with additional hexanes and analyzed by GC. The organics were concentrated in vacuo or under a stream of N 2 , and then purified by flash silica gel column chromatography.
Synthesis of Peptide 12d:
Derivatization Protocol for enantioselectivity assay by HPLC. An aliquot of the crude reaction mixture or purified alcohol was concentrated into a tared vial. DMAP (approximately 2.5 equiv.), 100
µL DCM, and benzoyl chloride (approximately 2.0 equiv.) were added and allowed to stand. Reactions were left for anywhere between a few minutes to a few hours before quenching with saturated aqueous NaHCO 3 and then vortexing. A portion of hexanes was added, vortexed, and the organics were concentrated. A smaller volume of hexanes was added, vortexed in the reaction vial, and the organic crude was loaded on a prepTLC plate and eluted in an Et 2 O/hexanes mixture. Spots were isolated from the plate, sonicated in EtOAc, filtered, and then concentrated to dryness under a stream of N 2 . The isolated derivatized products were dissolved in HPLC grade hexanes and analyzed by HPLC.
Supplementary Figure S8.
1 H-NMR (500 MHz) of crude reaction mixture of peptide 9b and farnesol.
Highlighed integration shows ratio of epoxide protons: the major peak (integrated to 1.00) includes all farnesol derivatives oxidized at the 2,3-position and the minor peak (integrated to 0.03) includes all derivatives oxidized in other positions (i.e., the 6,7-/10,11-monoepoxides and any overoxidized products). Table 2 : (ddd, J = 11.7, 7.1, 4.3 Hz, 1H), 3.68 (ddd, J = 11.7, 6.7, 4.0 Hz, 1H), 2.97 (dd, J = 6.7, 4.3 Hz, 1H), 2.14-2.02 (m, 2H), 1.78-1.62 (m, 5H), 1.61 (s, 3H), 1.47 (ddd, J = 13.8, 9.1, 7.4 Hz, 1H), 1.30 (s, 3H) .
Experimental Procedures for Compounds in
[α] D = -3.2º (c = 1.5 g/100 mL CDCl 3 ). Stereochemistry is assigned by comparison of the sign of optical rotation to a reported literature value for this compound 7 .
A portion of the epoxide product was derivatized using the Derivatization Protocol to make 2,3-geranyl benzoate. TLC: 10% Et 2 O in hexanes (R f = 0.40). = 12.2, 4.3, 1.1 Hz, 1H), 4.28 (ddd, J = 12.1, 6.6, 1.1 Hz, 1H), 3.14 (dd, J = 6.8, 4.3 Hz, 1H), 1.39 (s, 6H) . HPLC: average 92% ee (trial 1: 92% ee; trial 2: 92% ee). m, 3H), 3.82 (ddd, J = 11.7, 7.3, 4.2 Hz, 1H), 3.68 (ddd, J = 11.7, 6.7, 4.5 Hz, 1H) 131.4, 124.5, 124.2, 123.3, 63.1, 61.6, 61.3, 39.9, 39.8, 38.7, 26.9, 26.7, 25.8, 23.7, 17.8, 16.9, 16 -12 ºC to -18 ºC by cryostat. The reaction was then stirred vigorously. 25-48 h following addition of DIC, the reaction was quenched with a saturated aqueous solution of Na 2 SO 3 and stirred for a few moments, still at low temperature, before allowing to warm to room temperature. Saturated aqueous NaHCO 3 and EtOAc were then added and the mixture was vortexed, allowed to settle, and then the organic layer was removed, along with three additional EtOAc extracts, peformed similarly. An aliquot of the combined organics was removed, diluted with additional EtOAc and analyzed by GC. The organics were concentrated in vacuo and then purified by flash column chromatography. 1, 124.0, 123.8, 63.4, 60.9, 59.5, 38.9, 36.3, 27.2, 25.8, 24.0, 17.8, 16.7, 16.4 
Experimental

Experimental Procedures for Compounds 4 and 15 in
GC analysis of farnesol oxidation products.
GC method information for farnesol oxidation products: 250 ºC inlet, 280 ºC detector, flow 1.5 mL/min, oven temperature program: 60 ºC for 2 min; 2 ºC/min ramp to 180 ºC; 10 ºC/min ramp to 230 ºC; hold at 230 ºC for 4 min.
The identity of relevant peaks within the GC spectrum of the farnesol oxides was confirmed by synthesis. Standards (shown in Supplementary Figure S9) were isolated by flash silica gel column chromatography from a reaction of mCPBA with farnesol.
GC NMR
Supplementary Figure S9 . Validation of GC assay for monoepoxyfarnesol isomers showing GC spectra (relevant spectral width shown) of monoepoxide standards beside their corresponding NMR spectra
highlighting some signature peaks of each product. Approximate GC retention times for compounds 52.2 min (3: 2,3-epoxyfarnesol), 52.7 min (5: 10,11-epoxyfarnesol), and 53.7 min (4: 6,7-epoxyfarnesol).
GC analysis of geranylgeraniol oxidation products.
GC method information for geranylgeraniol oxidation products: 250 ºC inlet, 280 ºC detector, flow 1.5 mL/min, oven temperature program: 100 ºC for 2 min; 2 ºC/min ramp to 188 ºC, hold for 10 min; 1 ºC/min ramp to 192 ºC; 10 ºC/min ramp to 260 ºC; hold at 230 ºC for 4 min.
Peak assignment in GC spectrum of geranylgeraniol oxidation products relied on preparation of three of the four mono-epoxygeranylgeraniol standards (Supplementary Table S3 ). Four peaks appear in the relevant spectral width when geranylgeraniol is treated with 1 equiv. mCPBA (entry 1). An authentic standard of 14 (2,3-epoxygeranylgeraniol) was confirmed by NMR using standards prepared using both VO(acac) 2 (entry 2) and the chemistry presented herein (also see crude reaction trace in manuscript Fig.   3 ). Epoxide 15 (6,7-epoxygeranylgeraniol) was isolated and injected using the same GC method (Table   3 , entry 3). The identity of 15 was confirmed by degradation analysis (vida infra). Identification of the 14,15-epoxygeranylgeraniol peak was confirmed by a previously reported synthesis 10 using the method of van Tamelan and Sharpless 11 (entry 4). Owing to the lack of separation and possibility of slight retention time changes, the crude sample from entry 1 was spiked with that of entry 4, the result of which further confirms the assignment shown in entry 1. The remaining 10,11-epoxide is thus tentatively assigned by elimination. GC analysis of geraniol and nerol oxidation products.
GC method information for geraniol and nerol oxidation products: 250 ºC inlet, 280 ºC detector, flow 1.5 mL/min, oven temperature program: 60 ºC for 2 min; 2 ºC/min ramp to 120 ºC, 10 ºC/min ramp to 230 ºC; hold at 230 ºC for 4 min. m e t h y l h e p t e n o n e g e r a n y l a c e t o n e 1.3 mix of cis and trans by GC/NMR GC analysis of prenol oxidation reactions.
GC method information for geraniol and nerol oxidation products: 250 ºC inlet, 280 ºC detector, flow 1.5 mL/min, oven temperature program: 40 ºC for 2 min; 10 ºC/min ramp to 180 ºC; hold at 180 ºC for 4 min.
Sample
GC Spectrum
1 to 1 (mmol) epoxyprenol to menthol calibration standard. Relative peak area is 0.374 epoxyprenol/menthol standard Crude reaction of prenol under Epoxidation Protocol A with peptide 9b (trial 2). Sample was spiked with 1 equiv. menthol standard. Relative peak area is 0.290 epoxyprenol/menthol standard. Estimated GC yield is thus 78%.
HPLC Methods and Spectra.
Compound HPLC Spectra 
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